The cell has a three-dimensional (3D) structure and its spatial arrangement is often very important to molecular mechanisms essential for life. In order to visualize 3D morphologies of cells, confocal laser imaging was developed. 1 The method is, however, only applicable to fluorescence-probed molecules, 2 which limits the observable number of molecules, and such artificial probing sometime perturbs normal molecular mechanisms. Cotte et al. applied holographic and tomographic irradiation to microscopy and finally innovated a threedimensional computed holographic and tomographic (HT) laser microscope. 3 The laser beam that penetrates the cell at an angle experiences a delay in the phase of its beam, which is magnified and overlayed with reference beam to make a holographic image. The holograms at various angles then deconvoluted by tomographic algorithms to create a precise 3D cell image. The 3D-HT microscope can visualize 3D morphological aspects by contrasting refractive indexes observed by the laser monochromatic wavelength, making staining unnecessary.
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We have developed live single-cell mass spectrometry, [4] [5] [6] [7] in which the contents of a single cell, usually picoliter level or less, are sucked by a nanospray tip (a sort of glass capillary needle) and fed directly into a mass spectrometer after the addition of an ionization solvent to the rear end of the tip. In this method, the exact amount sucked is unclear because it is such a tiny volume. Furthermore, 3D spatial location and identity of the contents are also ambiguous. Through the combination of these two techniques, 3D-HT microscopy and live single-cell mass spectrometry, greater 3D spatial resolution (X-Y-axis 0.18 μm and Z-axis 0.33 μm) and improved quantitative single-cell analysis is expected. The first trial of this combination and its results are documented in this paper, and we think nextgeneration live single-cell mass spectrometry is quite promising.
Human hepatocellular carcinoma cell line (HepG2) was cultured in Dulbecco's modified Eagle medium in addition to 10% fetal calf serum (FBS), 100 mg/mL penicillin, and 100 mg/mL streptomycin G in 35 mm glass bottom dishes at 37 C and 5% CO2. HepG2 cells were positioned under the HT laser microscope, and the HT scan took 2 s to acquire one 3D image. Figure 1 shows the schematic principle of the HT laser microscope (3D Cell Explorer, Nanolive, SA, Switzerland). The laser beam is split into a reference beam (going down to the camera) and an observation beam to irradiate the cell at an angle to get a hologram. The beam is rotated 360 degrees to allow the computed tomography for a very precise 3D image. To evaluate the cell volume, acquisition data were exported as image stack files, then analyzed using Fiji (Fiji is ImageJ). 8, 9 First, the 3D median filter was run to reduce background noise, then the cytoplasm volume was isolated using the color threshold tool. Moreover, the stack file was segmented using the segmentation editor to be reconstructed again digitally as a series of 96 stacks that have a defined geometric pattern in preparation for volume analysis. Finally, each stack thickness was calculated using the Object Counter plugin in Fiji. 10 On the same metal base plate on which the HT laser microscope was standing, a micromanipulator was setup to suck out the contents of a single cell as shown in Fig. 1 . For suction of single-cell contents, the microscope was set to usual bright field image mode. After the suction, the nanospray tip was removed from the manipulator, and an ionization solvent (80% methanol, 10% dimethyl sulfoxide (DMSO), and 10 mmol ammonium formate) was introduced from the back side of the tip to prepare for nanospray ionization for mass spectrometry. Molecular detection of the contents of a single HepG2 cell was performed using a high resolution mass spectrometer (LTQOrbitrap Velos Pro, Thermo Fisher Scientific) equipped with a nanospray ionization source. The spray voltage was applied around 1 -1.5 or -0.8 to -1 kV, and the measuring m/z range was set to 100 to 1000, divided into increments of 50. Raw data were analyzed by MarkerView (Sciex) software in order to perform the peak alignment of the obtained spectra and the paired t-test analysis. Detected peaks were estimated by the exact m/z value of ±5 ppm tolerance, and annotated by HMDB database (http://www.hmdb.ca/).
Results and Discussion
As shown in Fig. 2 , the HepG2 cell has many granules (brown) around the central nucleus (purple) that contains chromatin (green). Almost all of these brown granules are mitochondria. The endoplasmic reticulum (yellow-green) is surrounding the nucleus. Judging from the side view, it is presumed that the cell adhered to the glass plate at its central region below the nucleus, not at the peripheral extended cytoplasm region which is, on the other hand, extending horizontally into the medium (Fig. 2(b) ).
We took images before and after the suction of cytosol as seen in Fig. 3 . The dashed line at the bottom of the image shows the cytoplasmic area affected by the suction, and the changes in the distributions of colors of the granules and nucleus can also be seen. Since the color is based on the refractive index, the morphology and positions of the granules and membranes seem to have been changed. The shrunken part due to suction and its volume can be estimated at ±11 aL accuracy. Figure 4 shows the cell images during volume analysis. Using Fiji (ImageJ), the volume of a single granule was calculated to be 6.7 fL. By the geometrical stack segmentation method, the total difference in the volume of the cell before and after suction of cytosol region was calculated to be 1.16 pL. We were able to record the direct effects on the morphology and shape of the cell due to the suction of the nanospray tip as shown in Figs. 4(b)  and 4(d) . During the suction process, the cell itself is a little displaced and stretched vertically due to the vacuum effect of the nanospray tip as well as the movement of the tip upwards after sampling. The damage estimation of the cell is still not established, but accumulation of such data with membranespecific fluorescent probes will be useful for getting results.
Regarding mass spectrometric analysis, cytosol-specific molecules were detected in the spectra of sucked samples. We tried to quantify a cytosol-specific molecule, methionine sulfoxide (m/z 166.0530). Using internal standard, stable isotope L-histidine-15N3, in the ionization solvent, we made a calibration curve and estimated the concentration of methionine sulfoxide in the trapped cytosol content to be 5.1 zmol/pL which is equal to 5.1 pmol/mL. Since we trapped the content of Fig. 5 , MS/MS was carried out for selected liver specific molecules and obtained fragment peaks were then identified using both HMDB (http://hmdb.ca), and MetFrag fragmentation databases (http://msbi.ipb-halle.de/ MetFrag/).
